A class of functions whose relativistic evolution is analytically solvable is found. These wave functions are initially localized (by a Newton-Wigner definition) and their spreading through time is investigated. Using these wave packets an explicit example of the violation of relativistic causality (in the spirit of Hegerfeldt's theorem) is presented. Some detailed qualitative features of relativistic quantum behavior are displayed.
I. INTRODUCTION
where co(k) (k 2+m 2)1/2 (2)
The one-particle sector is spanned by the basis elements k ) normalized as (k~k ') =6(k -k') .
An arbitrary one-particle state vector is
Hegerfeldt proved, ' on very general grounds, a surprising theorem concerning the unavoidable noncausal behavior of a relativistic quantum particles. This theorem is applicable to any reasonable definition of probability density. We present in this paper an explicit example of this phenomena using a Newton-Wigner definition of probability. This example is found through investigation of spreading of relativistic wave packets. The time evolution of one class of wave packets can be obtained analytically.
We consider a relativistic quantum theory in which the one-particle sector is independent of other sectors. More specifically, let us consider (for the sake of simplicity) the free relativistic theory of spinless particles de- '""g(k) is the probability amplitude in configuration space and the probability to find a particle at the place x is p(x)= In configuration space the nonrelativistic wave equation is also a Gaussian:
The Gaussian width increases according to and this procedure results in the well-known Gaussian wave packets:
y are given in units of Compton wavelength).
We observe that when the width is larger than the Compton wavelength the behavior resembles the nonrelativistic case: the probability density has a peak at the center of the initial wave packet but the width increases with time. On the other hand, when, at t =0, the particle is localized within the Compton wavelength, we observe a qualitative change of the picture: the probability density at t &0 does not remember" the original density, but it concentrates mainly around the light cone [(t,x) (bx) =(1(
The configuration-space wave function is 
In Figs. 1 and 2 the evolution of the probability density is shown for two difFerent cases: In Fig. 1 
Therefore we have again a causality violation even in a case which is power decaying. We also investigated numerically the probability to find a massive particle outside the light cone of the ori-
and found the limits pr)(t)~0, 
